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SUMMARY 



An investigation was conducted in the N.A.C.A. 7- by 
10-foot wind tunnel to determine the effect of ground prox- 
imity on the aerodynamic characteristics of wings equipped 
with high-lift devices, A rectangular and a tapered wing 
were tested without flaps, with a split flap, and with a 
slotted flap. The ground was represented by a flat plate, 
completely spanning the tunnel and extending a considerable 
distance ahead and back of the model. The position of the 
plate was varied from one-half to three chord lengths below 
the wing. 

The results are presented in the form of curves of 
absolute coefficients, showing the effect of the ground on 
each wing arrangement. The effect of the ground on lift, 
drag, and pitching moment is discussed. An appendix gives 
equations for calculating tunnel-wall corrections to be 
applied to ground-effect tests conducted in rectangular 
tunnels when a plate is used to represent the ground. 

The tests indicated that the ground effect on wings 
with flaps is a marked decrease in drag, a decrease in 
diving moment, and a substantial reduction in maximum lift. 



INTRODUCTION 



The phenomenon commonly called "ground effect," where- 
by the aerodynamic characteristics of plain wings undergo 
marked changes in the presence of the ground, has been sub- 
ject to considerable investigation (references 1 and 2). 
Both theory (reference and experiment (references 4, 5, 
and 6) indicate that the proximity of the ground decreases 
the drag and increases the slope of the lift curve in the 
same manner as an increase in aspect ratio would affect the 
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same factors. In fact, it is customary to predict the ef- 
fect of the ground on the "basis of an apparent increase in 
aspect ratio (references 3 and 5). Although a wing oper- 
ating in the vicinity of the ground is subjected to an in- 
crease in lift over the free-air value at any given angle 
of attack, it does not necessarily follow that the maxi- 
mum lift coefficient is increased. Available evidence in- 
dicates that, for wing heights decreasing frrm infinity 
to one-half chord length, the maximum lift is unaffected 
(references 3 and 5) or slightly decreased (references 4, 
7, and 8). 

Much less study has "been devoted to the effect of the 
ground on airfoils equipped with lift-increasing devices. 
Viaud (reference 9) found the customary increase in the 
slope of the lift curve and decrease in the drag for wings 
with various types of flap. The maximum lift for split 
and plain trail ing-edge flaps increased as the wing ap- 
proached the ground. For the slotted flap, the maximum 
lift remained nearly constant; whereas, for the multiple 
slotted flap, the maximum lift decreased considerably as 
the ground was approached. For split flaps of the Zap 
type, Serebrijsky (reference 10) found a decrease in the 
maximum lift as the ground was approached. 

Since almost all present-day airplanes are provided 
with flaps of one type or another and since the flap ef- 
fect is of particular importance in the immediate vicinity 
of the ground, the necessity for further study of the pr©b 
lem is obvious. 

The present investigation was made in the N.A.C.A. 7- 
by 10-foot wind tunnel to study the effect of a simulated 
ground area on a rectangular and a tapered wing, each 
equipped successively with full-span split and slotted 
flaps. It may be pointed out that the tests were run at a 
comparatively small scale, and the method of ground simu- 
lation is not exactly representative of actual flight con- 
ditions. Nevertheless, the results are believed to be in- 
dicative of the comparative effects on the various devices 
but flight tests are required to determine the applicabil- 
ity of the wind-tunnel results. 
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APPARATUS AND TESTS 
Mo de 1 s 



The win,? models used have the N.A.C.A. 23012 profile 
and are made of laminated mahogany. They have a span of 
60 inches, a geometric aspect ratio of 6, and an average 
chord of 10 inches (fig. l). They had "been used in a pre- 
vious investigation (reference 11) and were available for 
the present tests. 

The tapered wings (fig. 2) .have a root chord of 16.67 
inches and are tapered 5:1. The maximum ordinates of all 
sections on the upper surface are in a horizontal plane 
and the plan form is symmetrical about a line perpendicu- 
lar to the root chord at its 50-percent point. 

The split-flap models are shown in figures 1(h) and 
2(h). The flaps are full span; their chords are 20 per- 
cent of the wing chord; and they are located at 80 per- 
cent of the wing chord. The flaps were set at 60°, which 
is the deflection necessary for maximum lift. On the ta- 
pered wing the flap also has a taper of 5:1. 

The slotted-flap models are. shown in figures 1(c) and 
2(c). This flap is designated 2-h in reference 12, which 
gives the slot shape, the flap profile, and the path of 
the flap nose for various deflections. The flap chord is 
25.56 percent of the wing chord and the deflection is 40°, 
which is the angle necessary for maximum lift. On the 
tapered wing the flap also has a taper of 5:1. 



Wind Tunnel 

The tests were made in the N.A.C.A. 7- by 10-foot 
clo sed- throat wind tunnel described in reference 12. The 
model was mounted on the regular 6-component balance (ref- 
erence 13) that measures the aerodynamic forces and moments 
independently and simultaneously with respect to the wind 
axe s of the model . 

Ground Representation 

The most common methods of ground representation are 
the flat-plate and the reflection methods. These methods 
are compared by Raymond (reference 6) and Cowley and Lock 
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(reference 14); "both references show a discrepancy "between 
the two methods. Cowley and Lock impute the discrepancy 
to a shift in the angle of zero lift that is due to the 
deflection of the air stream "by the plate, "but Raymond's 
tests also show a shift in zero lift with the reflection 
me tho d . 

In the present tests the ^r^und was simulated "by a 
flat plate. The most obvious objection to the plate is 
the fact that the air moves with respect to it, creating 
a "boundary layer; such a condition does not exist in actual 
flight. A survey of the "boundary layer over the plate, how- 
ever, showed the maximum thickness under the trailing edge 
of the wing to he about 1 inch. Since the models were al- 
ways at least 2 inches from the plate, it is unlikely that 
the results were greatly affected. The present tests, 
moreover, are comparative and, under these circumstances, 
the plate method is considered valid. 

The plate is made of s/8-inch plywood, is 7 feet long 
and 10 feet wide, completely spanning the tunnel width. 
The leading edge of the plate has a faired nosepiece 4 
inches long and 2 inches thick. The plate was fastened to 
a steel frame; vertical steel rods passed through the plate 
and the frame at each corner and were rigidly attached to 
the tunnel floor and roof. The plate was free to slide on 
the rods in order to vary the distance from it to the wing, 
which was mounted on the tunnel center line. The plate 
was held in any desired position by set screws that clamped 
it to the vertical rods. Two vertical rods under the plate 
at its longitudinal center line kept it from sagging. The 
model was mounted about four chord lengths back of the 
leading edge of the plate. Figure 3 shows the plate and 
the method of mounting it in the tunnel. 



■ Tests 

Dynamic-pressure surveys at the location of the model 
were made for each position of the ground plate. The dy- 
namic pressiire was maintained constant throughout the 
tests at 16.37 pounds per square foot, corresponding to an 
air speed of 80 miles per hour at standard sea-level con- 
ditions. The average test Reynolds Number was 609,000 
based on a mean wing chord of 10 inches. The effective 
Reynolds Number due to the turbulence of the tunnel was 
approximately 974,000. A survey of the boundary layer over 
the plate at the trailing edge of the wing was made. 
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The rectangular and the tapered wings were tested 
plain and then successively with full-span split flaps and 
full-span slotted flaps. Each arrangement was tested in 
the clear tunnel and then with the ground plate at one- 
half, one, two, and three chord lengths "below the wing. 
Distances were measured from the quarter-chord point of the 
model to the ground plate. Lift, drag, and pitching mo- 
ments were measured for an angle-of-at tack range from -6° 
to the stall in 2° increments. 



RESULTS AND DISCUSSION 
Coefficients and Symbols 



The results are given in absolute nondimensional coef- 
ficient form. 

lift coefficient (L/qS). 

drag coefficient (D/qS). 

pi t ching-moment coefficient about aerodynamic 
center of plain wing ( M (a.c.) / c l c w S )- 



is lift, 
drag. 

pitching moment about aerodynamic center of 
pleAxx wing. 

wing area. 

mean geometric chord of airfoil with flap fully 

i etracted. 

dynamic pressure ( \ p 7 ) • 
is angle of attack, 
flap deflection. 

distance of quarter-chord point from ground. 



Sa.c.) o > 



where 

L 

r, 



(a. c. ) 0 » 



q i 

and a 



6 f 
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Ground Distance - r 

The distance of the wing from the- ground is expressed 
as a ratio h/o w , where h is the distance from the 
ground to the quarter-chord point of the ring. The choice 
of the reference point from which to measure the ground 
distance is somewhat arbitrary and varies with different' 
investigators. The nose of the wing was chosen in refer- 
ence 9; the quarter-chord point was used in references 6 
and 7; the half-chord point was used in references 3 and 
8; and Batwyler, whose work is summarized in references 1 
and 2, chose the trailing edge. Regardless of the point 
selected, the ground distance will evidently vary as the 
angle of attack is changed unless the wing is rotated about 
that point in changing the angle. For long ground distance?, 
the choice of reference point is not likely to make any ap- 
preciable difference in the results. For short ground dis- 
tances, however, different results may he expected for 
each reference point chosen. Since the lift caused hy the 
change in the angle of attack acts at approximately the 
quarter-chord point and the lift that is due to the wing 
curvature acts at ahout the half-chord point (reference 
15), the quarter-chord point seems convenient as a refer- 
ence. When the qua r t e r- cho r d ooint is used as a reference 
point, the ground distance to the point of action of the 
lift that is due to the angle of attack will not change 
and the ground distance to the point of action of the lift 
that is due to the curvature will change only slightly 
with a change in the angle of attack. No substantiated 
theory indicates any one reference point to he preferable, 
"but it is well to keep in mind the reference points used 
when test results are compared. 



Wind- Tunnel Corrections 

The tests run without the ground plate in the tunnel 
were corrected for tunnel effect to aspect ratio 6 in free 
air. The normal jet-boundary corrections were applied 
(reference 11). The tests run with the ground plate in 
the various positions below the wing were not corrected 
because the tunnel-wall interference factors calculated 
for these conditions were small enough to be disregarded. 
The method of calculating the interference factors for the 
ground-board installation is given in the appendix. 
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Pre c i s i on 

Experimental errors in the results presented in this 
report are believed to be within the following limits: 

a ------- ±0. 1° 

C L ------ ±0.001 

C L ±0.005 
max 

Cjj - ----- - ±0.001 

C D - ±0.0005 (fix. = 0°) 

min 1 

c m ±0.001 • 

6 f ------ ^ - ±l.o° 

h - - - - - - ±1/16 inch 

The ground plate was Parallel to the tunnel axis within 
±0.1°. 

No tests were made to determine the effect of the 
flap fittings. Because the tests are comparative, the ef- 
fect of the fittings would probably not materially change 
the re sul t s . 



Aerodynamic Effects of the Proximity of the Ground 

Lift-curve qlope,-. The effect of the ground on the 
slope of the lift curve is shown in figures 4 to 9. For 
the plain wings (figs. 4 and 5) the slope increases as 
the ground distance decreases. In general, this effect is 
in agreement with the Wie sel sberger theory (reference 3). 
The increase, especially for the shorter ground distances, 
is numerically greater than predicted "by the theory. This 
discrepancy may "be due to the fact that the theory is "based 
only on the effect of the trail ing-vortex system and neg- 
lects the effect* -of streamline curvature due to the ground. 
(See references 7 and 8.) This effect will tend to in- 
crease the slope further. Reference 7 gives theoretical 
equations that indicate an increase in the angle of zero 
lift as the ground is approached; this increase is due to 
the thickness of the wing. The present tests show no such 
shift . 
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For the wings with the slotted and the split flaps 
(figs. 6 to 9), the lift curves in general appear to "be 
parallel "but displaced from each other as the ground dis- 
tance decreases. These tests, however, were not run "below 
a lift coefficient of 0.6; and, if no shift in the angle 
of zero lift (as is indicated "by the plain-wing tests) is 
assumed, the slopes "below C L = 0.6 would increase with a 
decrease in ground distance. 

Drag.- The effect of the ground on drag is shown in 
figures 4 to 9. As indicated "by theory, the drag for all 
the wing arrangements was substantially reduced as the 
ground distance decreased. The reduction in drag of the 
plain wings is somewhat greater than the theoretical esti- 
mate that is based solely on an apparent increase in the 
aspect ratio; whereas, the reduction for the wings with 
flaps averages 40 percent greater than Wi e s e 1 she rge r 1 s 
theory indicates. The results of Raymond (reference 6) as 
well as those of Cowley and Lock (reference 14) tend to 
show that the plate method of ground representation gives 
a greater decrease in drag than does the reflection method. 
It is doubtful, however, that the discrepancy "between 
Wie sel sherger 1 s theory and the present tests is entirely 
due to the method of ground representation, as Le Sueur 
(reference l), using the reflection method, reports similar 
discrepancies with the theory. It is likely that the dif- 
ference between the theoretical and the experimental re- 
sults is due to the fact that the Wi e se 1 she rge r theory neg- 
lects the effect of flow curvature and the change in the 
longitudinal velocity (reference 7) that are due to the 
presence of the ground. 

Maximum llf t The effect of the ground on maximum 

lift is shown in figures 10 and 11. For the plain wings, 

C T is nearly constant to within two chord lengths from 

L max • 

the ground. As the distance becomes less, the lift drops 
slightly. At still shorter distances the lift begins to 
increase. This increase is probably a manifestation of the 
effect reported by Datwyler (see references 1 and 2) where- 
by, for very small distances, C]. _ increases rapidly. 

For all practical purposes, however, the present tests in- 
dicate that the maximum lift of plain wings is little af- 
fected by the presence of the ground. 

For the wings with flaps, the maximum lift is substan- 
tially decreased as the distance from the ground decreases 
(fig. 10). The decrease is greater for the slotted-flap 
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wings than for the split-flap wings. At k/c w = 0.7, the 
Cl mx of the rectangular slotted-flap wing is decreased 21 
percent, whereas the CLmax ot the rectangular split-flap 
wing is decreased 18.5 percent. For either type of flap, 
the decrease in lift is greater for the rectangular than 
for the tapered wing; the lift of the tapered slotted-flap 
wing is reduced 12.5 percent, and that of the tapered split- 
flap wing 8.7 percent. 

The trailing edges of the wings with flaps were con- 
siderably closer to the ground plate than the trailing 
edges of the plain wing "because of the flap deflections. 
It is therefore possible that the wings with the flaps are 
more greatly affected "by the boundary layer and this effect 
caused the greater loss in the lift. The tests by Datwyler 
indicate, however, that the lift increases rather than de- 
creases as the trailing edge approaches the plate. 

For a constant distance from the ground, the decrease 
in G L max might be expected to be a function of the c L max 

that the wing possesses in free air. (See fig. 11.) It is 
evident from figure 11, however, that the free-air value of 
CL max is not the only factor involved; otherwise, the curve 

for the tapered wing would coincide with the one for the 
rectangular wing. 

The theoretical work reported in reference 7 probably 
does not apply to the maximum lift of a wing nor to a wing 
equipped with flaps; nevertheless, it does suggest the na- 
ture of ground effect. For a given height, the ground ef- 
fect may be broken down into the following: 

1. Flow-curvature effect, which in most cases tends 

to increase the lift for a given angle of attack 
and is very nearly a function of (C^ - KC;l )• 

2. Wing-thickness effect, which tends to decrease the 

lift and is constant for a fixed height. 

3. Induced longitudinal-velocity, effect , which tends 

to decrease the lift for a given angle and is a 
f unct ion of C^ 2 . 

4. Trailing-vortices effect, which tends to increase 

the lift for a given angle of attack and is a 
•function of C L . 
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For the plain wings, the t ra i 1 ing- vo rt i c e s effect is most 
likely to "be predominant; whereas, for the wings with flaps 
with their considerably higher lift coefficients, the in- 
duced longitudinal-velocity effect, varying as the square 
of the lift coefficient, probably takes precedence and 
causes a loss in lift. 

Lift- dr ag ratio at maximum lift.- The effect of the 
ground on the lift-drag ratio at maximum lift is shown in 
figure 12, The approach of the ground increases the value 
of L/D sharply for all wings. The increase in the L/D 
of the wings with flaps caused by the ground, in spite of 
the decrease in the lift, indicates how markedly the drag 
is decreased. The similarity in the shapes of the curves 
of figure 12 indicates that the phenomenon of "floating 11 
is to be expected on airplanes equipped with flaps as well 
as on those without flaps. 

Pitching moment .- The effect of the ground on the 
pitching moment is shown in figures 4 to 9. For the plain 
wings, the change in pitching moment due to the ground 
is not large. For a given angle of attack, the diving mo- 
ment increases as the grcund distance decreases. For the 
wings with flaps (especially the rectangular wings), the 
effect of the ground is quite marked. The diving moment 
is decreased and the slope of the moment curves is in- 
creased. If the change in the lift is caused by the ground, 
the change in the moment is to be expected. 



CONCLUSIONS 



The tests reported herein showed that: 

1. The approach of the ground increased the slope of 
the lift curves of the plain wings but had little effect 
on the slope of the curves of the wings with flaps over 
the range of angles of attack tested. 

2. The approach of the ground reduced the drag of all 
the wings tested; the magnitude of the reduction varied 
with the lift coefficient. 

3. The approach of the ground had small effect on the 
pitching moments of the plain wings but decreased the div- 
ing moments of the wings equipped with split or slotted 
flap s . 
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4. The approach of the ground had almost no effect 

on the maximum lift of the plain wings hut reduced the max- 
imum lift coefficient of the wings equipped with split or 
slotted flaps. 

5. The reduction in the maximum lift coefficient was 
greater for rectangular wings with flaps than for tapered 
wings with flaps. 

6. The reduction in the maximum lift coefficient was 
greater for wings equipped with slotted flaps than for 
wings equipped with split flaps. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, 7a. , March 11, 1939. 

APPENDIX 

Tunnel-Wall Corrections for Test Installation Used 

When ground-effect tests are made in a wind tunnel, 
the question of tunnel-wall interference corrections al- 
ways arises. Some investigators have used no correction; 
others have used the standard form of correction. In an 
effort to determine their magnitude, the corrections were 
calculated from the theoretical equations given in refer- 
ences 16 and 17. 

The general prohlem for a wind tunnel is the determi- 
nation of a stream function that, when added to the flow 
produced "by the airfoil in an unlimited stream, satisfies 
the conditions existing at the "boundaries of the air stream. 
The "boundaries may "be replaced "by the stream function and 
the effect on the airfoil computed. 

In the case of ground effect, it is desired to deter- 
mine a stream function that, when added to the flow pro- 
duced "by the airfoil operating near an infinite plane, will 
satisfy the "boundary conditions. 

Thus, if the floor of the tunnel represents the ground 
and if the function that represents the effect of the ground 
plane is deducted from the stream function that satisfies 
the conditions for the "boundaries of a closed rectangular 
tunnel, the remainder should give the correction due to the 
tunnel walls. 
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In the present tests, the ring was mounted in the cen- 
ter of the tunnel and the ground plane was moved to vary 
the distance of the wing from the ground. Thus, at each 
position of the ground plane, there was, In effect, a new 
tunnel with a new height-to-width ratio and a different 
distance from the wing to the tunnel center line. These 
conditions are shown in figure 1^ 



Now, if a closed rectangular tunnel 
placed from the center is considered, an 
cf images may "be arranged to satisfy the 
tions (reference 16). Such a system is 



with a wing d i 8 - 
infinite pattern 
"boundary condi- 
shown in figure 14 



According 
terference due 
1 ine A-A i s : 



to reference 16, the equation for the in- 
to the system of vortices symmetrical about 



- -i-- log 

4-rrra I 

L 



sinh 2§S 

2 



+ Z log 
i 



s inh 



1 - 



sinh' 



8 TTTO" r 
Trrn 



(i) 



2 u 



where 



r - h/h 

a m 2s/o 

and h is height of tunnel. 

b, width of tunnel. 

s, semispan of wing. 

The equation for the interference caused "by the sys- 
tem of vortices symmetrical about line B-B is: 




/ \ d 
cosh ur (n-j) + oos 2Trr — 

'JL * 

=pr 

cosh TTnr + cos 2nr ^ 



(2) 
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where d is the distance of the wing from the center line. 

The correction for the complete tunnel is then 6 X + 8 2 

In order to eliminate the effect of the ground plane, 
the effect of the single ground image G 1 - C 2 is calcu- 
lated as follows. (See fig. 14.) 

The vertical velocity v at any point F on the 
real wing due to vortex C 1 of strength Y is: 



v = x I Isj^jlL 

1 4tt 



J (x + s f + (h - 2d) 2 J (x + s) 2 + (h - 2d) 2 



= I (X + g) 

4n (x + s) 2 " + (h - 2d) 2 " 

The vertical velocity v 2 at the point F due to 
vortex C 2 of strength P is: 



r 1 s - x 

v = 

2 4tt 



J (s - x) 2 + (h - 2d) 2 ^ (s - x) 2 + (h - 2d)' 



= _T 



s - x 



4tt (s - x) 2 + (h - 2d) 2 
The total vertical velocity Vrp at F is 

+ _r_ X 4- s . x_ S - X 

VT Vl V * 4tt (x+s) 2 + (h-2d) 2 4tt (s-x) 2 + (h-2d) a 

The downflow over the entire si)an is: 
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- s 



a - x 



H / e_±_s + r_ / 

4tt J (x+s) 2 + (h-2d) 2 4rr ,/ ( s -x) 2 + (h-2dV 



- 3 



- S 



o r 



where 



JL 

8tt 

JL 

8tt 



log | (x + s) 3 + (h - 2df 



J l-s 

I s 



log I ( s - x ) 2 + (h - 2d)' 



all 



- s 



sil_±_lh_ r _2 d jl 1 



8tt L ' (s - x) 2 + (h - 2d) 2 _ . 



D = 



r . r 4s 2 + (h - aft 

log ■ r- 

8tt (h - 2d)* 



f * 



2n 2 



[4s 2 + (h - d) 2 ]' 

ii = log t 

(h - 2d) 



From the relation 

r 2s p V 



| c L p V 2 s 



where V is velocity; p, density; and S, area of the 
airfoil, is obtained 

C T VS 

r = -tr 



The re f o re , 
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V 



A a = ~ = 7T 



D 
2?V 



o L 5 

64-rrs' 



CtS hh , 
64tts bh 



C T S 
3 G 



6. = 



64TTS 



♦ 



16-rra r 



1 lo Us 8 + (h - 2d) 3 ] 

16TT(T 3 r (h - 2d)" 5 



o r 



= log ' — 

16TT(T 2 r 



A 2d 
\r " "b 



(?) 



The net correction is then 



and 



Aa = 6 N « C L x 5 7.3 



where S is the wing area. 

C, the tunnel cross-sectional area, 

Figure 11 gives the correction factors for the vari- 
ous positions of the ground plane. It can "be seen that 
most of the tunnel interference is due to the ground 
plane, especially when the distance from the wing to the 
ground is short and that, when the ground-plane correction, 
6 3 , is subtracted from the total tunnel correction (8j, + 



6 2 ) , the net correction, 
ligihle. 



N 



is so small as to he neg- 
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(a) Plain rectangular wing. (a) Plain tapered wing. 




(c) Rectangular wing with (c) Tapered wing with 

0.2556c w slotted flap. 0.2556c w slotted flap. 

Figure l.-N.A.C.A. 23012 rec tan- Figure 2. - N. A . C. A. 23012 tapered 

gular wing models. wing" models. 
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Figs. 4,5 




Angle of attack, of ,deg\ Angle of attack , d , deg. 
Figure 4. - Rectangular wing'. Figure 5.- Tapered wing; 

taper ratio, 5:1. 

Effect of ground proximity on aerodynamic characteristics of N.A.C.A. 23012 
wing. 
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Angle of attack , o£ , deg\ 
Figure 7.- Tapered wing - ; 

taper ratio, 5:1. 

Effect of ground proximity on aerodynamic characteristics of N.A.C. A . 23012. 
wing with full-span 0.20c w split flap. 



Angle of attack, oi ,deg\ 
Figure 6. - Rectangular wing. 
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Figs. 8,9 




Angle of attack , d ,deg. Angle of attack, a!, deg. 
Figure 8 .- Rectangular wing. F igure 9 .- Tapered wing; 

taper ratio, 5:1 . 

Effect of ground proximity on aerodynamic characteristics of N.A.C.A . 23012 
wing with full-span 0.2556c w slotted flap. 
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0 .4 .8 1.2 1.6 2.0 

Free- air max imum lift coefficient, C Lmax 

Figure 11.- Effect of free-air maximum lift coefficient on 

decrease in maximum lift due to ground effect at 
0.7 c w below wing. 



2.4 



o Plain wing 
□ 0.20c w split flap,. 6 f =60° 
a 0.2556cw slotted flap, 6f : 
Rectangular wing_ 




0 5 1 2 3 4 

Ratio of height of quar t er - chord point 

to chord, h/c w 

Figure 12.- Effect of ground proximity on 

lift -drag ratios at maximum 
lift of N.A.C.A. 23012 wings. 
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Figure 14.- 
tunnel with 



Image pattern that satisfies boundary 
condition for closed rectangular 
wing offset from center. 
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Figure 13.- Effective tunnel 

dimensions and 
wall-correction factors for 
various positions of ground 
board. 
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